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NEW ANTIGEN PRRSFN TING CELLS, A PROCESS FOR PREPAR ING 
THE SAME AND THEIR USE AS CELLULAR VACCINES. 

The invention relates to new antigen presenting cells, a process for 
X Macropl^eTare *e^rfizeosince their de 



lacrophageS are 4r&ognizedsince their description by Metchnikoff 
(Immunity in Infective Diseases, Cambridge Press, 1905) as cells which very 
effectively phagocytose (interiorise) and digest exogenous particles (antigens, 
cell debris, bacteria). They also secrete a variety of immunoeffector monokines. 
They have therefore a central role in initiating the non-specific and the specific 
immune responses. The recovery of large quantities of human macrophages 
differentiated in culture from blood monocytes has already been described 
(International application N° PCT/EP93/01232, refs. 1-6). These macrophages 
express typical antigens and functions and have been fully characterized (refs. 
7-14). 

Macrophages activated in the presence of IFNy (Macrophage Activated 
Killers : MAK) elicited selective cytostasis and cytotoxicity for a large number 
of human tumors even at low effector/target ratio. In murine models, murine 
activated macrophages given locally in the tumor or its vicinity infiltrated the 
tumor mass, inhibited tumor growth and decreased metastatic development. 
Human macrophages also inhibited the growth of human tumors engrafted in 
nude or SCID mice ; this effect was achieved after local or systemic injection of 
a low number of macrophages (less than 1 million MAK) for mice with 
macroscopic tumors (ref. 15-20). 

Patients with metastatic cancer were infused systemically or 
intraperitoneally with 10^ to 4x10$ autologous MAK. Tumoricidal monocytes 
(AKM) were also infused intraperitoneally in patients with colorectal 
carcinomas. The clinical tolerance of MAK was excellent with minor side 
effects such as low grade fever and chills and no autoimmune nor acute phase 
reactivity. No complete antitumoral response was reported ; improved 
prognosis and prolonged disease free intervals were described after 
intraperitoneal injection of AKM, while tumor necrosis, stabilisation, reduction 
of ascitic fluid and change in chemioresistance were seen after MAK therapy 
(refs. 21 - 26). 

The recognized limitation of these macrophages is that they are not very 
potent in the priming of a specific immune response against a specific 
exogenous antigen or tumor by stimulation of MHC class I restricted cytotoxic 
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T lymphocytes (CDS +). They are more efficient in presenting antigens in the 
context of MHC class II molecules to T helper lymphocytes (CD4 +) 

However these macrophages have the potential to process and present 
soluble antigens by the exogenous pathway of phagocytes but high 
concentrations of proteins or antigens are required (refs. 38-42 45 - 47 50 ) 

Cells expressing these functions of phagocytosis, digestion, processing 
and presentation at a high level would be required for the development of 
cellular vaccines. 

Dendritic cells are characterized by their morphology (dendrites) and a 
few membrane antigens, and are considered as professional antigen - presenting 
cells resident in tissues. They are the most potent cells for the stimulation of 
primary T - lymphocyte immune responses (refs. 43 - 44, 47 - 49, + Dendritic 
cells in fundamental and clinical immunology. 1995, Plenum' Press NY 
Banchereau and Schmitt Editors). ' '* 

Dendritic cell precursors arise from bone marrow and can be found in 
blood and lymph. Dendritic cells derived from these origins can be obtained by 
culture in the presence of GM - CSF + IIA + TNF. They will th en exhibit 
differences related to their maturation state and microenvironment. 

The dendritic cells which can be derived from blood are most potent to 
induce allogenic mixed lymphocyte reactions and to stimulate naive T 
lymphocytes. However, these classical dendritic cells are technically relatively 
difficult to obtain and are poorly phagocytozing. 

In contrast to macrophages, they do not express of CD14 and CD64 (high 
affinity Fy receptor). 

To circumvent the problem of poor phagocytoses and processing of 
particular antigens by dendritic cells, these cells have been pulsed with small 
peptides fixed on MHC-I molecules to induce primary immune reaction and 
vaccination against new antigenic peptides (ref. 51). 

Obtaining dendritic cells by in vitro differentiation requires the presence 
of GM-CSF and of a second cytokine that can be IL 4 (ref. 44) or IL 13 (ref. 

aJhr*e^ ti f^ provide celIs wi(h high 
phagocytosis, and efficient antigen presentation. 

Another aim of the invention is to provide very potent antigen presenting 
cells derived from human blood monocytes. 

Another aim of the invention is to provide cells presenting membrane 
receptors, allowing targeting and increased antigen presentation with the use of 
bispecific antibodies (refs. 27 - 31, 37). 
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Another aim of the invention is to provide cells which can be transfected 
with cDNA to be used in gene therapy (ref. 32 - 36). 

Another aim of the invention is to provide a method allowing the recovery 
from human blood of cells of the macrophage lineage with high phagocytosis 
digestive activity, processing MHC class I and class II antigen presentation (ref 
46, 50, 52). 

Another aim of the invention is to provide a reproducible method allowing 
to obtain the above defined cells, said process not requiring combination of 
exogenous cytokines, defined media and recipients constituting a cell processor. 

Another aim of the invention is to provide cellular vaccines demonstrating 
the high phagocytosis, processing, MHC-H peptide presentation of the 
macrophages and also the potent MHC-I T lymphocyte stimulation with high 
level of accessory molecules for presentation of the dendritic cells. 

The invention relates to macrophages which have the following properties : 

- they present on their surface : 

* antigen CD 14 with a mean intensity of about 20 to about 200, 

* antigen CD64 with a mean intensity of about 20 to about 200, 

- they are substantially devoid of the surface antigens CDla and CDlc, 

the presence and mean intensities respectively of CD 14, CD64 and the 
absence of CDla and CDlc being for instance determined by 
immunofluorescence staining and flow cytometry analysis, 

- they present a phagocytosis property such as determined by the following test: 
said phagocytosis capacity being evaluated by an uptake of formalin fixed yeast, 
for example by culturing macrophages for 2 hours, adding yeast in 1/10 
macrophage/yeast ratio and incubating at 37°C, 5% C0 2 atmosphere for 
2-3 hours fixing by the May-Griinwald-Giemsa (MGG) staining, and the 
percentage of phagocytic macrophages being quantified for instance by 
microscopic analysis, 

- they have the property of stimulating the proliferation of allogenic 
lymphocytes such as determined by the following test : 

allogenic primary mixed lymphocytes reaction (MLR) was carried out in 96- 
well microtiter plates by adding increasing numbers (2x10^ to 2xl0 5 ) in 100 /xl 
medium/well of macrophages to 2xl()5 in 100 fil medium/well of allogenic T 
cells purified from buffy coats and after 5 days incubation at 37°C, cell 
proliferation was assessed by a colorimetric method, such as the hydrolysis of 
tetrazolium salt WST-1 (Boehringer Mannheim, Germany), (slightly red) to 
Formozan (dark red). 
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More generally, the invention relates to monocytes derived anti,, 
presenting cells (MD-APr^ nort v , , uenvea antigen 

fo.lowing properties ' Ular ' y *"* •»« *e 

- they present on their surface : 

• antigens CD.4 and CD64 with a mean intensity of abou, 5 to about 200 
mo ant,ge„ CDSO and CDSo with . mcan iWensity Qf about 2 ™; 

• antigen CD40 and mannose receptor with a mean intensity of 50 to 500 
-they are substantia,,, devoid of me surface antigens CD,a and CDlc 

>™^o ms ^zz<ZT^r™ <~ by 

3 Pha80C) " 0SiS WW »* - «e— by the fo.lowing .est- 

for example by cutamg MD-APCs for 2 hours. addin8 yeas , J ^ 

MD-APCs/yeast ratio and incubating at 37°C 5% rn I u 

2-3 hours f.xing by me May-OrOnLd^ ^ ^ 2 

=:id;r ytic ^ - " 

Wmnir' ^ " r0Per,y ° f S ' tal " ating * e Potion of aUogenic 
lymphocytes such as determined by the following test • "uogeruc 

96°weU C J£T T" lymPh0Cy ' eS reaCU ° n ™ S «*" « - 

96 we , m.crot.ter plates by adding increasing numbers (2xI0 3 t0 2xlo5 

100, medtunvwe,, of MD-APCs to 2x10* in ,00 „ medium/we,, of a, og „ c 
T cells purified from buffy coats and aftrr • allogenic 

„ ... y B ana atter 5 days incubation at 37°C cell 

proliferation was assessed by measurement nf RrH„ • 

cvnrt,- • u ™ T « "icasurement of Brdu incorporation during DNA 

symhests by ELISA method (Boehringer Mannheim, Germany) 

In the context of me present invention, the expression "macrophages- 
des.gna.es no . only but w J™^* 

monocyte and which wi„ be hereafter designated by MD-APC ^ 

The expression -substantially devoid of surface antigens CDla and CD.c" 
means e iaKr ^ mere „ „ 0 ^ ^ * -d CD 

bouTTo M T T* aWi8enS ' ^ correspond,;;: 
at" ' " ° btai " ed ™ °f -h sur al 

:r^T " ta — — « * - i-nsity 
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In the following of the text, it will be often referred to "the absence of 
surface antigen CDla and CDlc". which is to be understood as "substantially 
devoid of such antigens" as explained above (intensity lower than 20). 

The invention also relates to MD-APCs which present, on their surface, 
antigen MHC-II with a mean intensity of about 100 to about 600, such as 
determined by immunofluorescence staining and flow cytometry analysis. 

The invention also relates to macrophages which are substantially devoid 
of surface antigen CD83, such as determined by immunofluorescence staining 
and flow cytometry analysis. 

The expression "substantially devoid of surface antigen CD83" 
corresponds to an intensity lower than 20. 

The MD-APCs of the invention present adherent properties such as 
determined by the following test : 

the MD-APCs are cultured for 2 h in culture medium (I.M.D.M. or R.P.M.I.) 
on plastic flasks and the percentage (%) of adherent cells is quantified for 
instance by microscopic analysis. 

The culture media I.M.D.M. and R.P.M.I. are commercially available. 
The invention relates to a MD-APCs culture wherein : 

- about 10% to about 50% of the MD-APCs present antigen CD14 on their 
20 surface, 

- about 10% to about 50% of the MD-APCs present antigen CD64 on their 
surface, 

- about 80% to about 100% of the MD-APCs present antigen MHC-II on their 
surface, 

- about 70% to about 100% of the MD-APCs present adherent properties, 

- about 30% to about 100% of the MD-APCs present antigens CD80 and CD86 
on their surface, 

- about 30% to about 100% of the MD-APCs present high phagocytosis 
property, 

each macrophage having the above-mentioned properties being such that said 
properties are expressed according to the intensities as specified above. 

The invention also relates to a process for preparing a composition of 
macrophages which comprises the culture of mononuclear cells in a culture 
medium containing histamine or histamine agonist (Hi in action) and a H 2 
35 antagonist, in combination or not with "additional" GM-CSF. 

The invention also relates to a process for preparing a composition of 
MD-APCs which comprises the culture of mononuclear cells in a culture 
medium containing a chemical ligand having receptors on the membrane of 
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—clear cells, for example histamine or histamine agonist (H, in action) 
and a H 2 antagotnst, in combination or not with "additional ■ GM-CSF 
An example of histamine agonist is 2 methyl-histamine 

GMCSFadd^T^ " additi0na '" C ° rreSPOndS '° to tot *« is no 
GM-CSF added to the culture in standard condition, but this does not exclude 
the fact that exogenous GM-CSF could be added in the culture to increa^ yWd 
and functions of MD-APCs obtained. Y 

As example of H 2 antagonist, one may cite cimetidine bu, also tiotidine 
burimamide, metiamide, ranitidine. notraine. 

As example of other chemical ligands interacting with mononuclear cells 

lipid A, C3 and other ligands of complement receptors taxols 
oxydoreductors such as flavenoids or polyphenol , ig a n ds to CD40 Tthe 
TNF receptors or to vitamin D3 receptors. 

The invention also relates ,„ a process wherein the culture medium 
contams chemical ligands. such as histamine and cimetidine or a H 2 >~ 

;"m t°T g ^ sf - *** * ■ — r: 

mTl lta k • PKferab,y °' ab ° Ut M ' and «"e or 

fte H 2 antagonist bemg present at a concentration of about 1(H M to abou , 

10 =* M, preferably of about 10-6 M . 

« g andrtr!lb 0 ~ i0n * " ° r 

tagands for membrane receptors is lower than the lower value of the given 

range, there is substantially no effect, i e less than mv art ■ J 

„,.„,,.„, , ,. . s man I0% difference with cells 

cultured in the absence of histamine and cimetidine. 

When the concentration of histamine or cimetidine is higher than the 
higher value of the given range, the culrure medium becomes toxic 

GM cIp" "° f i,i0na ' GM " CSP iS " ,COrp0raEd in <° «» «*« medium 
GM-CSF secreted m j#« by the MD-APPc ™„ k» 

about 5 to about 500 U/ml P ~" " 2 c °"-" ra *>" <* 

The invention also relates to a process wherein the culture medium 

onurns a chemical ligand, for example histamine and cimetidine oT^7 2 
antagotust, ,„ combination with -additional" GM-CSF, histamine being present 

t a conception of about io* M to about ,0-6 M, preferably of'ab u 

ixr; ?„ f 2 antagonist b=ing present « ■ o f 

GM-CSF behig 0 * ° f ^ M ' - "a— 

1000^J/ml f T1 a ' 3 C °" Centrali0 " 0f ab °"< » U/ml to abou, 
1000 U/ml, preferably of about 500 U/ml. 
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When additional GM-CSF is incorporated into the culture, then the total 
concentration of GM-CSF is from about 50 U/ml to about 2000 U/ml, and 
preferably from about 50 U/ml to about 500 U/ml. 

According to a particular embodiment of the invention, the culture 
medium does not comprise the following elements : exogenous cytokines such 
as IL4, IL10, TNF. 

The invention also relates to a process comprising : 

- isolation of leukocytes, from healthy donors or from patients, from peripheral 
blood by apheresis and removal of platelets and anticoagulant from the 
apheresis product, 

- isolation of mononuclear cells (monocytes + lymphocytes) from red cells and 
granulocytes in order to have less than 10% granulocytes and less than 5% red 
cells, 

- culture of the mononuclear cells obtained at the previous stage by placing 
them in an appropriate culture medium containing a chemical ligand of 
mononuclear cells, such as histamine or an agonist of histamine, an H2 
antagonist, such as cimetidine, in combination or not with GM-CSF, for a time 
sufficient to obtain differentiated MD-APCs, preferably for about 5 to 15 days, 
and possibly separating the MD-APCs from the lymphocytes, and recovering 
the MD-APCs or the MD-APCs and lymphocytes. 

The invention also relates to a process wherein the culture medium of 
MD-APCs is added 

- with crude antigens, for instance autologous tumor membrane, killed tumoral 
cells, bacterial capsides, viral homogenates cleared from nucleic acids, 

- specific peptides against which an immune response is desired, 

- cDNA or genetic material linked to vectors (for example gluconated 
polylysine) to allow transfection of the macrophage with material coding for the 
relevant peptide or protein to be presented on the MD-APCs membrane and 
against which an immune response is desired, 

- or bispecific antibodies targeting on the one side, a surface antigen or a 
surface receptor of the MD-APCs and, on the other side, a relevant antigen 
against which an immune response is desired. 

The invention also relates to MD-APCs liable to be obtained according to 
the process of the invention described hereabove. 

The invention also relates to pharmaceutical compositions containing as 
active substance, MD-APCs according to the invention. 

The invention also relates to cellular vaccine compositions containing as 
active substance, MD-APCs according to the invention. 
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The invention also relates to the medium containing elements necessary 
for the growth and differentiation of monocytes into MD-APCs according to the 
invention, and in addition containing chemical ligands of mononuclear cells, 
such as histamine, cimetidine in combination or not with GM-CSF. 

As example of other chemical ligands interacting with mononuclear cells 
and allowing differentiation into MD-APCs, one may cite detoxified LPS such 
as lipid A, C3 and other ligands of complement receptors, taxols, 
oxydoreductors susch as flavenoids or polyphenols, ligands to CD40, to the 
TNF receptors or to vitamin D3 receptors. 

The invention also relates to a a cell processor or a kit containing : 

- means for the recovery of lymphocytes and monocytes free of contaminants, 

- appropriate buffer and wash solutions and possibly appropriate means for the 
conservation of macrophages, 

- means for preparing a culture for the monocytes and possibly the lymphocytes 
and containing chemical ligands of mononuclear cells, for example histamine, 
cimetidine or a H2 antagonist in combination or not with GM-CSF, 

- possibly means for transfection of cultured cells and means for targeting 
antigens to MD-APCs. 

Regarding the conservation of MD-APCs, it can include freezing means 
for example in 10% glycerol or D.M.S.O. (dimethyl sulfoxyde) in the presence 
of autologous or AB+ serum. 

The invention also relates to a a cell processor or a kit as described above 
which contains : 

- means for recovering and centrifuging blood to obtain a leukocyte concentrate, 

- means for separating lymphocytes and monocytes from the other white cells 
and for eliminating the contaminating red cells, 

- culture medium for MD-APCs and possibly lymphocytes with complements 
and particularly chemical ligands of mononuclear cells, such as histamine and 
cimetidine or a H2 antagonist, in combination or not with GM-CSF, 

- appropriate means for the conservation of macrophages, 

- appropriate buffer and-wash solution. 

The invention also relates to products containing MD-APCs according to 
the invention, and lymphocytes, as a combined preparation for simultaneous, 
separate or sequential use in cell therapy. 

The invention also relates to products as described hereabove which 
contain the MD-APCs and the lymphocytes in a ratio of at least 20% to 50% of 
MD-APCs expressed in cell number. 
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The invention also relates to bispecific antibodies liable to recognize an 
antigen of a MD-APCs of the invention and an antigen of a tumoral cell or of a 
pathogen which is to be targetted to said MD-APCs. 

The invention also relates to a method for the clinical treatment, 
comprising the administration of an appropriate amount of MD-APCs according 
to the invention, and preferably in an amount of about 1()8 to about 5xl0 9 
MD-APCs. 

The invention also relates to a method for the treatment of any disorder, 
comprising the administration of lymphocytes from the culture in an amount of 
about 4xl0 9 to about lOxlO 9 lymphocytes. 

The invention also relates to the use of a chemical ligands of mononuclear 
cells, such as an agonist of histamine receptor, in particular histamine, and a H 2 
antagonist, in particular cimetidine, in combination or not with GM-CSF, for 
the preparation of MD-APCs having the following properties : 

- they present on their surface : 

* antigens CD14 and CD64 with a mean intensity of about 5 to about 200, 

* antigen CD80 and CD86 with a mean intensity of about 20 to about 

200, 

* antigen CD40 and mannose receptor with a mean intensity of 50 to 500, 

- they are substantially devoid of the surface antigens CDla and CDlc, 

the presence and mean intensities respectively of CD14, CD64, CD80, CD86 
and the absence of CDla and CDlc being for instance determined by 
immunofluorescence staining and flow cytometry analysis, 

- they present high phagocytosis property such as determined by the following 
test: 

said phagocytosis capacity being evaluated by an uptake of formalin fixed yeast, 
for example by culturing MD-APCs for 2 hours to select adherent cells, adding 
yeast in 1/10 macrophages to yeast ratio and incubating at 37°C, 5% CO2 
atmosphere for 2-3 hours fixing by the May-Griinwald-Giemsa (MGG) staining, 
and the percentage of phagocytic MD-APCs being quantified for instance by 
microscopic analysis, 

* 

- they have the property of stimulating the proliferation of allogenic . 
lymphocytes such as determined by the following test : 

allogenic primary mixed lymphocytes reaction (MLR) was carried out in 
96-well microliter plates by adding different numbers 2xl0 3 to 2xl0 5 in 100 M l 
medium/well of MD-APCs to 2x105 in 100 M l medium/well of allogenic T cells 
purified from buffy coats and after 5 days incubation at 37 °C, cell proliferation 
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was assessed by a colorimetric method, such as the cleavage of tetrazolium salt 
WST-1 (slightly red) to Formozan (dark red). 

The monocytes derived antigens presenting cells of the invention and the 
MD-APCs can be obtained as follows : 
5 a) Isolation of leukocytes from blood by apheresis and elimination of 

platelets, by centrifugation. If cells collected have < 10% granulocytes and 
haematocrit < 5%, they can be seeded as such in culture. Otherwise 
mononuclear cells have to be prepared first by centrifugation on Ficoll Paque of 
density 1,077. 

10 b) Mononuclear cells are then cultured for 5 to 15 days in hydrophobic 

bags ethylene vinyl acetate (E.V.A., Stedim) or polypropylene (Life Cell, 
Baxter), at 37°C, 5% C0 2 . Cells are seeded at 5.106/ml in I.M.D.M. (as 
previous) or equivalent medium supplemented with indomethacin (5xlO" 6 M) 
mercaptoethanol (3xl0" 5 M), non essential amino-acids (1%, Gibco) and 2 to 

15 5% of reconstituted autologous orAB+ serum, 

. with GM-CSF, 500 U/ml chemical ligands interacting with mononuclear 
cells and allowing differentiation into MD-APCs, such as detoxified LPS such 
as lipid A, C3 and other ligands of complement receptors, taxols, 
oxydoreductors susch as flavenoids or polyphenols, ligands to CD40, to the 

20 TNF receptors or to vitamin D3 receptors ; as example of ligands, histamine 

(10* 4 M), cimetidine (10~ 6 M) or another H2 antagonist of histamine, or with 
histamine, cimetidine in the absence of any exogenous cytokines. Endogenous 
cytokines are released by mononuclear cells stimulated by ligands. 

. and exogenous antigens, peptides or transfectants (cDNA + vector) 

25 coding for the relevant antigen. 

c) After culture, the specific monocyte derived antigen presenting cells 
(MD-APCs) are centrifuged, washed and resuspended for injection in the 
patient, to induce humoral and cellular immune response against the antigen. 

The specificity of the cellular vaccine is achieved during the in vitro 

30 culture according to one of the following items. 

a) culture of MD-APCs as explained above in b), in the presence of crude 
antigens, for example autologous tumor membrane, bacterial capsides, viral 
homogenates cleared from nucleic acids ; 

b) culture of MD-APCs as explained above in b), in the presence of 
35 specific peptides against which immune response would be beneficial, 

c) or culture of MD-APCs as explained above in b), in the presence of 
cDNA or genetic material linked to vectors (for example gluconated 
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polyphysine) to allow transfection of MD-APCs with material coding for the 
relevant peptide or protein to be presented on the membrane. 

In order to obtain specific cellular vaccine, it is also possible at the end of 
the differentiation stage of the macrophage culture to add bispecific antibodies 
5 targeting a membrane antigen, or a surface receptor of MD-APCs on one side 

and the relevant antigen on the other side. 

According to a preferred embodiment, the process of the invention 
comprises the following steps: 

- isolation of leukocytes from blood of healthy subjects or patients by 
10 apheresis, to obtain the apheresis products (i.e. concentrated leukocytes), 

- platelet elimination, for instance by centrifugation of the apheresis 
products, to obtain a leukocyte enriched product, 

- separation, in the leukocyte enriched products, of the mononuclear cells 
on one hand, and of the contaminating red blood cells and granulocytes on the 

15 other hand, 

- culture of the mononuclear cells (monocytes + lymphocytes) in a 
medium containing chemical ligands of mononuclear cells, such as histamine 
and cimetidine and GM-CSF for about 5 to 15 days, to obtain differentiated 
monocyte derived antigen presenting cells (MD-APCs). 

20 The lymphocytes can be separated from the monocytes before the culture 

step. 

The lymphocytes can be separated from the MD-APCs after the culture. 

In the process of the invention, chemical ligands for mononuclear cells, 
such as histamine are used at a concentration of 10~2 M to about 10~6 M, 
25 preferably of about 10~4 M. 

In the process of the invention, GM-CSF is used at a concentration of 
about 50 to about 1000 U/ml, particularly of about 100 to about 500 U/ml. 

In the process of the invention, the culture medium is RPMI, IMDM, 
MEM, or DMEM selected for very low endotoxin content. 
30 These media are commercially available. 

Advantageously, the culture medium contains indomethacin (or another 
cyclo-oxygenase inhibitor) or/and cimetidine (an histamine H2 antagonist) 
and/or at other chemical ligands of mononuclear cells. 

An advantageous process for preparing the MD-APCs of the invention is 
35 the following: 

Apheresis 

Leukocytes from healthy subjects or from patients are isolated from 
peripheral blood by apheresis using the Cobe Spectra continous-flow blood cell 
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separators keeping granulocytes contamination very low (< 10% and less than 
5% red cells). The apheresis product is ceritrifuged for 10 min at 280 g in order 
to reduce platelet contamination. The platelet-enriched plasma is removed and 
leukocyte pellet resuspended in a phosphate buffer solution (PBS) containing 
0.1% glucose, 0.17% P0 3 HNa 2 , 2H 2 0, 0.27% P0 3 H 2 Na, 0.14% NH 4 C1, 
0.78% NaCl (solution TS745 laboratoire Bruneau, France). 

The enriched leukocyte pellet is obtained with an average of 7 to 
1.5xl0 10 leukocytes (50% of mononuclear cells). 

Isolation of mononuclear cells 

If the collected leukocytes have more than 10% granulocytes 
contamination and/or 5% hematrocrite, human mononuclear cells are separated 
from red blood cells and from contaminating granulocytes , by 1 5 min 
centrifugation at 1000 g on a COBE 2991 or Stericell cell processor using Ficoll 
Paque of density 1.077 (Pharmacia). After 3 washings in phosphate buffered 
saline solution without calcium and magnesium, the monocytes are obtained 
with about 20% to 50% purity as shown by channelyser analysis (Coulter 
Margency-France) . 



Differentiated human MD-APC are obtained by 5-15 days in culture of 
mononuclear cells in hydrophobic bags in E.V.A. (Ethylene Vinyl Acetate, 
STEDIM, Aubagne) or polypropylene (life cell-Baxter) at 37°C and 5% CO2, 
95% humidified atmosphere. Total mononuclear cells are seeded at 
5x10^ cells/ml in Iscove modified medium (I.M.D.M., Gibco) or equivalent 
medium supplemented by penicillin (100 Ul/ml), streptomycine (100 /xg/ml), 
L-glutamine (2 mM, Gibco), pyruvic acid (2 mM, Gibco), Indomethacin 
(5xl0- 6 M, Sigma), cimetidine (10' 8 to 10" 4 M), histamine (10 6 to 10~ 2 M or 
other chemical ligands), mercaptoethanol (3xl0"5 M, Gibco) non-essential 
amino-acids (1%, Gibco) and 2-5% of autologous or AB serum. The addition of 
GM-CSF (500 U/ml, SANDOZ) was done in comparative experiment. 

According to a preferred embodiment, the process of the invention is such 
that killed tumoral cells are added into the culture medium simultaneously with 
monocytes, both cells coming preferably from the same patient, preferably at 
the ratio of about 1 million of killed tumoral cells/ml, with said killed tumoral 
cells being processed at the same time as macrophages. 

The killed tumoral cells can then be processed simultaneously with the 
leukocytes, in an amount of about lxlO^/ml. 



Culture 
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This process allows to obtain MD-APCs and lymphocytes specific for the 
tumor, inducing very efficiently in vivo an immune response to these specific 
tumor cells. 

The invention also relates to MD-APCs liable to be obtained according to 
the above-defined process. 

The invention also relates to pharmaceutical compositions containing, as 
active substance, MD-APCs as defined above. 

The invention also relates to a medium containing elements necessary for 
the growth and differentiation of monocytes into MD-APCs of the invention, 
and in addition chemical ligands for mononuclear cells, for example histamine 
and GM-CSF. 

The monocyte derived antigens presenting cells of the invention can be 
part of a cell processor or a kit containing: 

- means for the recovery of lymphocytes and monocytes free of 
contaminants; 

- appropriate buffer and wash solutions, and possibly appropriate means 
for the conservation of MD-APCs ; 

- means for preparing a culture medium for the monocytes and possibly 
the lymphocytes and containing chemical ligands for mononuclear cells, for 
example histamine and/or GM-CSF. 

According to an advantageous embodiment of the invention, the cell 
processor or kit contains : 

- means for recovering and centrifuging blood to obtain a leukocyte 
concentrate; 

- means for separating lymphocytes and monocytes from the other white 
cells and for eliminating the contaminating red cells; 

- culture medium for MD-APCs and possibly lymphocytes with 
complements and particularly and/or GM-CSF and possibly indomethacin 
and/or cimetidine ; 

- appropriate means for the conservation of the MD-APCs ; 

- appropriate buffer and wash solutions ; 

The invention also relates to products containing MD-APCs according to 
the invention, and lymphocytes, as a combined preparation for simultaneous, 
separate or sequential use in adoptive immunotherapy. 

According to an advantageous embodiment, the products of the invention 
as defined above are characterised in that they contain the MD-APCs and the 
lymphocytes in a ratio of at least 20% to 50% of MD-APCs expressed in cell 
number. 
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In this embodiment, the MD-APCs and the lymphocytes are both injected 
to a patient. 

The invention also relates to bispecific antibodies liable to recognize an 
antigen of a MD-APC of the invention, for example FCyRI (CD 64) and an 
antigen of a relevant antigen. 

The bispecific antibodies can be prepared as described in Chokri et al 
Res. Immunol. 143. (1992). 

The bispecific antibodies can be injected at the same time as the 
MD-APCs of the invention, or can be pre-incubated with MD-APCs before 
injection. 

The invention also relates to a method for the treatment of cancer and 
pathogens comprising the administration of an appropriate amount of MD-APCs 
according to the invention, and preferably in an amount of about lxl<)8 to about 
5x109 MD-APCs. 

^Figure la represents the allogenic T cell proliferation induced by 
MD-APCs of the invention recovered in the presence of histamine (1(H M) and 
cimetidine (10"6 M) as adjuvant, with or without GM-CSF (500 U/ml) 
comparing to standard macrophages produced only in the presence of the 
GM-CSF (500 U/ml). 

Figure lb represents the stimulation by MD-APCs recovered in the 
P ^n7igul«f^ 

ratio between the MD-APCs of the invention and the responder lymphocyte 
cells. 

The clear dotted bars correspond to the presence of GM-CSF at 
500 U/ml; the lighter grey bars correspond to the presence of histamine 
(10" 4 M) and cimetidine (10" 6 M). 

The darker grey bars correspond to the presence of GM-CSF (500 U/ml), 
in combination with histamine (10~4 M) and cimetidine (10"6 M). 

The results show that the capacity of the MD-APCs to stimulate the 
proliferation of allogenic lymphocytes is strongly increased. The stimulation of 
allogenic proliferation of lymphocytes by MD-APCs is very potent (at least 
200% increase with respect to standard macrophages). The combination of 
histamme/cimetidine effect or IL-13 effect with GM-CSF can potentiate this 
activity (maximum of 300% increase with respect to the induction by 
macrophages). 
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In Figure lb, the optical density (450-690 nm) has been plotted against the 
ratio between the MD-APCs of the invention and the responder lymphocyte 
cells. The curve with dark circles corresponds to the presence of GM-CSF/IL- 
13 and the curve with open circles correspond to the presence of GM-CSF. 

EXAMPLE : Preparation of MD-APCs according to the invention : 

1- Apheresis: 

Leukocytes from healthy donors or from patients are isolated from 
peripheral blood by apheresis using COBE spectra blood cell separator keeping 
granulocytes contamination the lowest possible. The apheresis product is diluted 
in a phosphate buffered solution (PBS) (final volume = 450 ml). The apheresis 
product is centrifuged for 10 min at 280 g to remove platelets and 
anticoagulant. 

2- Isolation of mononuclear cells: 

If the collected cells have > 10% granulocytes contamination and/or 
> 5% haematocrit, they should be centrifuged over Ficoll (density = 1.077) to 
remove red cells and granulocytes. 

3- Culture 

The monocyte derived antigen presenting cells (MD-APCs) are obtained 
after 5 to 15 days in culture of mononuclear cells in hydrophobic bags in EVA 
(Ethylene Vinyl Acetate /STEDIM) or equivalent bags (Teflon) at 37 °C and 5% 
CO2 in humidified atmosphere. The mononuclear cells are seeded at 
5xl0 6 cells/ml in Iscove modified medium (LM.D.M. - Gibco) or equivalent 
supplemented by (see PCT/EP93 page 7) the addition of ligands for 
mononuclear cells, such as histamine (10~4 M) or analogues and cimetidine 
(10" 6 M) or similar H2 antagonist, in the presence or not of GM-CSF 
(500 U/ml). 

As example of other chemical ligands interacting with mononuclear cells 
and allowing differentiation into MD-APCs, one may cite detoxified LPS such 
as lipid A, C3 and other ligands of complement receptors, taxols, 
oxydoreductors susch as flavenoids or polyphenols, ligands to CD40, to the 
TNF receptors or to vitamin D3 receptors. 
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4- Characterization and functionality 
a- Flow cytometry 

After the maturation of MD-APCs, the phenotype analysis of the obtained 
cells was performed by flow cytometry using murine FITC or P.E labelled 
monoclonal antibodies directed against membrane proteins, 
b- Mixed lymphocytes reactions (MLR) 

To evaluate the induction of T cell response to MD-APCs, allogenic 
primary MLR was carried out in 96-WeIl microliter plates by adding different 
numbers of MD-APCs to 2xl<)5 allogenic T cells purified from buffy coats 
After 5 days at 37°C, cell proliferation was assessed by a colorimetric methods 
such as WST-1. 

c- Phagocytosis 

The phagocytic capacity of the different cells obtained was evaluated by 
uptake of formalin fixed yeast. Briefly the cells were cultured for 2 hours to 
select adherent cells. The yeast was added at 1/10 macrophage/yeast ratio and 
incubated in 37°C, 5% C0 2 atmosphere for 2-3 h and then fixed by the May- 
Griinwald-Giemsa (MGG) staining. The percentage of phagocytic cells was 
quantified by microscopic analysis. 

The results are gathered in table 1, table 2 and table 3. 

Table 1 

Yield (% of cells) differentiated in culture 

Time of culture ( a ) ^ 

Hist/Cim Hist.Cim/GM 



Day4 71% 78% 

Da y ? 49% 48 % 

Day 11 19% 31% 



Table 1 shows that there is a recovery of a large quantity of MD-APCs 
after 5 to 11 days of culture of mononuclear cells in hydrophobic bags, in the 
presence of histamine (1(H M) and cimetidine (10"6 M ) (a) and additional 
GM-CSF (500 U/ml) (b) as adjuvant. In comparison with production of mature 
macrophages in standard conditions, the recovery of MD-APC cells is in the 
same order. 
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Table 2 
Phenotype of MD-APCs 
produced under various conditions after 6 days of culture 



Surface Ag 



(a) 
Hist/Cim 



% 



MIF 



(b) 

Hist.Cim/GM-CSF 
MIF 



CDla 


N 




N 




CDlc 


N 




N 




CD83 


N 




N 




CD14 


95 


114 


95 


92 


CD 54 


96 


40 


96 


40 


CD 58 


97 


41 


97 


31 


CD 64 


43 


35 


91 


46 


HLA-DR 


92 


350 


96 


400 



MIF = Mean Intensity Fluorescence. " " ~ — 

% = percentage of positive cells. 
N = Negative or weak signal. 

This table corresponds to the immunofluorescence profile analysis by flow 
cytometry of MD-APCs generated in culture (6 days) under different 
conditions. The cells obtained under histamine (10-4 M) 'and cimetidine 
(10-6 M) conditions (a) are positive for macrophage markers (CD14, CD64 and 
HLA-DR). The combination with GM-CSF (b) does not change the phenotypic 
profile of the MD-APCs. They also clearly express CD54 and CD58. The 
CD80 (B7.1) and CD86 (B7.2) are also expressed on their membrane but in 
lower level. In contrast, CDla, CDlc and CD83 which are positive markers of 
dendritic cells, are weakly expressed by the MD-APCs. 

From these data, it can be confirmed that the antigen presenting cells 
generated in the culture, system of the invention are different from dendritic 
cells. 
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Table 3 

% of phagocytic cells after 3 h contact with fixed yeast 



Number of ~~ 77 

(a) (hi 
intracellular Yeast Hist/cim TT - 

HlSt/CIm Hist.Cim/GM-CSF 



0 


42% 


20% 


1-5 


43.6% 


43% 


6-10 


11% 


27.5% 


> 10 


3.4% 


9.5% 



yeas, aL^"^ T ^ Phag0CytiC SCtivity "*« «*■ 

2 ?• T " ***** ^ miCr0SC0 >' iC -W. The MD APCs 
general m fte presence of his^une/cimeUdine (a) presen. an important 

oTrt P " ag ° C5 "° SiS (60%) and "* * — d in the presence „ f 

GM-CSF in the culture (80%) (b). 

cells cuZr ; h b ° Ve - menti0ned rCSUks ' * is that human mononuclear 

wl GM Csp m ° f hiStaminC ^ dmetidine ' in C ° mbination « -t 

wuh GM-CSF mainly for one week, differentiate into mature antigen presenting 

cells. During the culture, these cells acquire a high level of accessory function! 

The results of the invention indicate that the MD-APCs obtained in the 
culture system of the invention are different from the dendritic cells (DC), since 

non nT T T bed " FC (CD64) reCCPt0r adh -nt and 

non-phagocytic cells, possessing only a small number of lysosomes 

In contrast the MD-APCs of the invention : 

(a) show a high adherence capacity, 

(b) show an important phagocytic and processing activity 

CDla^rrT ,eVd HLA " DR membrane 3ntigens and a tow level of 
CDla and CDlc, which is strongly expressed by dendritic cells, 
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(d) are also positive for CD54, CD58. CD80 and ma* 
antigens, na CD86 membrane 

(e) stimulate T-ce.l proliferation in aHogenic MLR reaetion and this is in 
ajar better wav tnat, macrophages obtained according to techni,^ £ ™ 

Table 4 hereafter gathers the comparative characterfeation of MD-APC of 
me tnventton on the one hand, and of dendritic cells „„ ^ ^ J£> APC <* 

Table 4 

Comparative characterization of Antigen Presenting Cells: 



Phenotype 

CDla 

CDlc 

CD 83 

CD 14 

CD64 

CMH-II 

Functions: 



Dendritic Cells 



+ 



+/- 



+ + + 



MD-APC 
% cells Intensity 



0 



+ 10 to 100 5 to 200 
+ 10 to 100 5 to 200 
+ + +80 to 100 100 to 400 



Adherence 



Phagocytosis 



+ + 70 to 90% 



+ + 30 to 80% 



Stimulation of MLR 



+ + + 



+ + 
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6 dJTf 3 ea T' Pl>en0,yPiC Ch 4 Cttrizati ™ MD-APCs recovered after 
6 days of culture accordmg ,o the ir.ven.ion (analysis by flow cytometry). 



Phenotype 



CD45 

CD14 

CD3 

CD19 

CD56 



CD4-PE 

CD25 

CD45RO 



CD16 
CD32 
CD64 



CDla 
CDlc 
CD83 



HLA-DR 

HLA-I 

CD40 

CD80 

CD86 



IgGl-FITC 
IgGl-PE 
IgGl-Cy5 
IgG2a-FITC 

IgGl i 
IgG2a i 
IgG2b i 



% Cells 



97,6 

6,8 

13 

15 

3,8 



95 

1,7 

99 



1,8 

63 

4 



31 
58 
9 



Mean fluo 
intensity 



172 



31 

163 

12 



216 
505 
18 



266 

582 

991 

64 

744 



11 

(16)55 
(29)50 
19 

75 
21 
15 



